Porphyrins, Heme, ^-Aminolevulinic Acid, Porphobilinogen, Microorganisms
Comparative studies of porphyrin and heme bio synthesis indicate that (5-aminolevulinic acid synthase (EC 2.3.1.37) is the rate limiting enzyme in this biosynthetic pathway in all microorganisms tested so f a r 1-3. There is little information about the regula tory function of (5-aminolevulinic acid dehydratase (EC 4 .2 .1 .2 4 ), which has been isolated from Sac charomyces cerevisiae 4, P ropionibacterium sherman i i 5, and Rhodopseudom onas sp h ero id es6. In the present study concentrations of porphyrins and heme were determined in Escherichia coli, Pseudom onas aeruginosa, and Achromobacter metalcaligenes fol lowing biosynthesis from the direct precursors of uroporphyrinogen, either (5-aminolevulinic acid (ALA) or porphobilinogen (PBG). Thus the corre sponding enzymes, which might have a regulatory function in the tetrapyrrole synthesis of hetero trophic bacteria, were bypassed.
Sources of the organisms E. coli, Ps. aeruginosa, and A. metalcaligenes as well as the composition of a defined medium have been reported previously 7.
Supplements added to the medium in various experi ments are given in the legends to the tables. ALA was obtained from Serva, Heidelberg, and PBG produced by P ropionibacterium sherm anii 9 was the kind gift of Dr. G. Müller, University of Stuttgart. All cultures were grown in 500 ml Erlenmeyer flasks at 37 cC with moderate aeration for up to 42 hours 1. Cell density (dry weight/ml) was determined by turbidity measurement 9.
Porphyrins and heme were measured spectrophotometrically as methyl esters after separation by silica gel thin-layer chrom atography10. Protoheme was converted into its pyridine hemochrome and as sayed by difference spectrophotom etryn . Small amounts of porphyrin esters were analysed as copper chelates 12 or by fluorescence m easurem ent13.
The three species synthesised heme and all por phyrins in the biosynthetic chain in varying amounts, as summarized in the Tables. The supple ments had no significant influence upon growth of the cells.
The results reported in Table I indicated, that during biosynthesis from DL-lactate the porphyrin patterns of E. coli and Ps. aeruginosa are similar in that coproporphyrin is the main component formed in each, whereas A. m etalcaligenes synthesised pre dominantly protoporphyrin. Addition of ALA or PBG elevated porphyrin and heme biosynthesis con siderably, but in all cultures overproduction from ALA appeared to be greater than from PBG (Table  II, III) .
Iron (III) citrate (10//M ) enhanced heme form a tion in all culture systems about 2-fold, whereas total porphyrin synthesis both from DL-lactate and ALA was reduced by exogenous iron by about 40% (Table I, II ) . Porphyrin synthesis from PBG was not reduced by iron (Table I II ) . In addition iron also altered the ratio of copro-/protoporphyrin as described previously 7. The form ation of smaller amounts of porphyrin and heme from PBG than from ALA might be due to the rate of passage of the different molecules through the membranes. The am ount of endogenous heme appears to be closely related to the iron con centration in the culture flu id 7. The observation that porphyrin form ation from DL-lactate drops when endogenous heme concentrations is increased and that tetrapyrrole synthesis is enhanced by ad dition of ALA favours ALA-synthase as the rate limiting enzyme in this biosynthetic c h a in 3' 14. During incubation with exogenous ALA porphyrin form ation is also depressed by higher heme levels, whereas synthesis from PBG appears to be unaffect ed by heme. This suggests repression of ALA-dehydratase by heme, which has also been observed in photosynthetic bacteria 6. It is conceivable too that
